QNo Answer Marks | Comments
1@ @@ f(x) =x* x€(0,1) 40
o _(x* , x€(0,1)
(i) Define f;(x) = {_xz xe(=1.0)
and f;(x) = fi(x + 2k) wherek € Z
. : _(x* , x€(0,1)
(ii) Define f,(x) = {xz e (=1.0)
and f,(x) = f,(x + 2k)wherek € Z
(iii) Define f(x) = x? x € (0,1) and f3(x) = f5(x + k) where
ke€Z
() | G y 10
O ' A
x
(i) 10
ﬂ‘ f2(x)
— X
(iii) 10
— X




QNo Answer Marks | Comments
1 ] (©]@3) Since f; is odd function a, and a,, are zero. 40
=2 J x?sinnmxdx
0
1 1
=2 [— —x%cosnmx + 5 2xsinnmx + 3 COSnmx
nm n 0
P B G L G O L _
=2| +EL - | wheren=1,2,,3........
—_ VX G G
fa) =32 -2+ E8 - L sinnnx
RRNT: 1 =ur D"
= Yn=1 2[ St ]Slnnnx
311 40
(i) Since f, is even function b,, is zero. ay, = 2 fol x%dx =2 [x—] =2
31p 3
1
a, =2 f x2cosnmxdx
0
1 n
— _ D
- 2[ ]0 T n2n?
, = "
xX) == coSNTX
f=3+) 25
r=1
I PSS Pt 50
(i) ay=2[ x dx—2[3]0—3
1
a, = 2 f x2cos2nmxdx
0
1. 1
= 2[—x SINZ2NTTX + —— 2XCOS2NTX — — 3SLanrx] ===
8n°m 0 nem
1
b, = fozsinZnnxdx
0
2 [ coszrms + i 2asinznmr + —— costnmx|
= ——x coS2nmx + —— 2xsin2nmnx + —— cos2nmx
4n2m? 8n3m3

—iWheren =1,2,,3
nm

o
1 1
flx) == Z ( > COS2NTX — —stmrx)
3 nm

n=

0
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(@)

f=-=x"1 f1(x) = (-1Dx7?
) = (-1)(-2)x73
f200) = (D (=2)(-3)x~*
() = (1) (=2)(=3) .. (—n)x™ vn € Z§

nl(-D"

fre0) =20

nroy W=D
fr@) = 3n+1

o= 3 D=3
n=0

= (=1)™nl (x — 3)™

35

f(x) = 3n+1 n!
n=0
- (DM -3
— x —
f(x) = 3n+1
n=0
The above series is a geometric series with the common ratio 331 and the 35
. 1
first term -.
3
The series converges if and only if |3_Tx| <1
0<x<3
Therefore the convergenceis 0 < x < 3.
. 1 1 1
The series converges to 51_(—%@ =
(b) | dwx(rxv)) _ d(@v)r-(vr)v) 50
dt o dt
( dv+ dv) +( )dr ( dr+dv ) dv
=lv-—+v - —|r+(W-v)—— (v - —+—1r|v—(V'T)—
dt dt dt dt dt ( ) dt

=2w-a)r+vv— W +a-r)v-(v-r)

=2w-a)r—(a-r)v—(v-r)
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2 |(c) 0 etsint N etcost | N 1 K 80
= i
VItex  Viter Jiter
()] = ( etsint )2 +< etcost >2 +( 1 )2
CJ\WT et V1 + e?t V14 e?t
(O] = e?tsin’t + e?tcos?t + 1
! h 1+e2t
If®)l=1
IfFO17 =1
f@-f)=1
df (t) af(t) _
S f@ ) == =0
df (t)
2 —=
f©) ——=0
df (t) _
fO=q— =9
f(t) is perpendicular to %(:)
d’f(t) df(t) df(®)
O e *a “a =
’f@®)  df )
0= +| ac | O
’f@®) _ 1df@®))°
0= __| dt
QNo Answer Marks | Comments
3 | (8) | Suppose the random variable X is the time taken to germinate a one seed 140
10% 20%
4‘ + + + + H 6
ThenP(X >6)=0-2and P(X <4)=0-1
Taking u and o2 as mean and variance of X Z = XG;“
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Using the standard normal variable Z
6_” —_ . “ee see see s

p(Z < 4%‘) =01 e e [2])

10% 20%

b 64t
(¢ (¢

Using [1] P (Z < 6%‘) =0 8eeereee e [3]

. 4—U . o .
Since Tﬂ is less than the mean value , so it is negative

From the symmetry of the z — curve

4 — -4
P(Z<—M)=P(Z>M )=0-1
o o

u—4
P (Z < —) =0-9 e [4]
o
From the z — tables taking the nearest value of z giving these probabilities
From equation [3] 6?7” =084 [5]
From equation [4] ”7_4: 128 eeeee e [6]

From the equations [5] and [6] © = 5-208and o = 0 - 943

(b)

c=6cm and u =140cm

Let X be the height of a tree then

X —140 145-140 5
6 - 6 ) = (Z _)

P(x < 145) = P(

P(x < 145) =P(Z<g) =P(Z<0-833)=0-7976
Let Y be the number of trees in the sample that is less than 145 cm tall. Then
Y can the value inthe set {0,1,2,3,4,5}
Clearly Y has a Binomial distribution withn = 5andp = 0- 7976
P(y=5)=(0-7976)° =0-323
P(y=3)=C3(1—-0-7976)%(0-7976) = 0-2079

60
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4 1(a) 60
mkv? T
mg X
Applying T F = ma
fp? = dv
mg — mgv< = mv Tx
dx=—-—"—d
T Tk
h 0 u
Je=- | o5 = | 7
g+ kvz g+ kv? v
0 u 0
u
A 2
x]g = [Zkln (g + kv )]
h= ln(g + ku?) — lng
_ 2 In(1 +ku
T2k " g
(b) |Applying mechanical energy conservation law 35
14 242 o - 14
53 M mgacosf = 23ma w? —mga
. 3g
Z=w?-—01- |
0°=w Za( cos0) [1]
35
6% = w? ——+—cosewhereo <6<2n
. 39 3g : 39
0% min = 0* — 2a + %(_1) 6% min = @ — a
For the complete revolutions
O2nin 20 w223
3g . . 3g
w = \[; the minimum value for complete revolutions w, = \/;
70

; 192 _ 2 _395.:2(8
From equation [1] 6° = w§ Sq 2sin (2)
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g COS%

) ilnl(cos%+sin%)2

(cos2 % — sin? %)
a cos%+sin%

t=2 |—In|l—
39 cosg—sing

4 4

a 1+tan%

=2 Eln —9

1—tanz

a tan%+tan%

=2 gln - 0
1—tanZtanZ
_5 al [t (n+9)]

= 3gn an )
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d’y  dy

— 2 44— 4+ 13y = 34¢3%

dx? + dx 13y ¢
Take the trail function y; = ae3*

dyr 3¢ dPyr 3
— = 3qe>* = 9qe>*
dx dx?

9ae3* + 4.3ae3* 4+ 13. ae3* = 34e3*

(34a —34)e3* =0

Sincee3* #0 a=1 y, =e3*
The auxiliary equation u? +4u+13 =0
u=-2+3i
The complimentary function y, = e~2*(Acos3x + Bsin3x) Where A and B
are arbitrary constants.

The general solution is y, = e"2*(Acos3x + Bsin3x) + e3*

65

(b)

Suppose y = D%af(x) e [1]
Applying the operator D + « for the both sides
(D +a)y = f(x)

dy _
a*'(W—f(X)

The integrating factor I = ef #4x = gax

e”‘"ﬂ + ae®™y = e f(x)
dx
d(e™y) _

dx

e“xyzje“"f(x) dx = e‘“"je“"f(x)dx

e™f(x)

y = e‘“x%e“xf(x) e 2]

By [1]and [2] 5 f(x) = e™ ;™[ (x)

50

d’y  dy
T+ 2 oy = i
T2 +dx y = 5sin3x
d —_—
dx

(D? + 2D — 2)y = 5sin3x

60
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A particular integral
= ! 5sin3
W =220 —2)>"
= ! 5sin3
P=o+ro-1n>""*
_ 1( 1 4 1 )5 n3
=307 0+2) T 0 -1/
- 5( in3x + —sin3 )
=3 (D+2)Smx (D_l)smx
= E(—ele e ?*sin3x + e‘xlexsin3x)
3 D D
5 -2 2X o 1 —X o
= §(—e xfe *sin3x dx + exﬁfe xsm3xdx)
5 er e—x
=3 (e_zxﬁ [2sin3x — 3cos3x] — e* 10 [-sin3x — 3COS3X])
= > ( ! 2sin3 3cos3 ! in3 3cos3 )
=3 13[ sin3x — 3cos3x] 10[ sin3x — 3cos3x]
_ 2 11sin3x + 3cos3
yp—26[ sin3x + 3cos3x]
The auxiliary equation pu? +u—2=20 2
w+2)p—1)=0 5
pu = —2 or u = 1 Complementary function y. = Ae~2* + Be* Where A and
B are arbitrary constants.
Therefore the general solution is
y = Ae ?* + Be* + 2—16 [11sin3x + 3cos3x]
QNo Answer Marks | Comments
6 [(@) Re(z+2) > |z - 2| 70

Take z = x + iy wherex,y €R
Re(x +iy+2) =[x + iy — 2|
Re(x+2)=x+2
lx +iy — 2| =/(x —2)2 + y2
Whenx +2>0 x+2>,/(x—2)2 +y2
(x+2)2=>x-2)%2+y%2 8x=>y? y?<8x

|z| < 4 is the region inside the circle center origin and the radius 4
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* Imz
1= / y? = 8x
Re
(b) - T isin® 15
1+L—ﬁ(cos4+zsm4)
=2 [cos (an + %) + isin (an + %)] where k € Z
14i= ﬁe(zkmg)i
LAY T
Log(1+1i) = Log (\/Ee(ka‘l)l) = InV2 + (Zkﬂ + Z)l
1 LA A
= 2l712+(2k7r+4)l— 2an+ (2k+4)m
©| f(2) = % where z € C\{1} 25
Letz,,z, €C
4z,+3 4z,+3
f(z1) = f(z2) © 211_1 = 222__1
47,7, — 4z, + 32z, — 3 = 4z,2, — 4z, + 321 — 3
21 = ZZ
Since z; and z, are arbitrary
V2,2, €EC—{1} & f(z;) = f(z,) Therefore f is one to one
@ 4z + 3 4y 43
w = Z) = — =
f p— wz—w =4z
— w3 1) = WF2 pm1,) = 283
Z—W_4W¢4 f (W)—W_4 f (z)—z_4 z+4
(d) ! 60
|z]| <4 and Im >0 4 Mz
= Rez
Z plane

10
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Take g(z) =w =2z%? argw = argz? = 2argz
0<argz<m 0<ZL2argz<?2n O0<argw<2n
wl| =2°| = |z|* < 16
A
Imw
w| <4 and0 < argw <2
Rew
w plane
QNo Answer Marks | Comments
7 |(a) 1 2 -3 4 125
3 -1 5 2
4 1 p?>—-14 pu+2
Applying R, - R, — 3R, and R; » R; — 4R,
1 2 -3 4
[O -7 14 -10
0 -7 wu?-2 u-—14

Applying Ry > R —2R, , R > R; — R, and R, — _71R2

4
1 2 -3 10
0 1 -2 -
2 _
0 0 u=—-16 u=4
Applying R; > R; — 2R,
8
10 1 7
0 1 -2 10
0 0 pu>2—-16 77
u—4

11




QNo Answer Marks | Comments
Case one u? —16 # 0 thatis u # +4 Applying R; - ﬁRg
8 ( 8
7 7
01 2 2|l S
7T o7
0 1,0, 00 1
u? — 161 { u+ 4
Applying Ry > Ry —Rz;and R, = R, + 2R3
8u + 257
7(u+4)
(1) ‘1) 8 10u + 54
1
u+4
. . __ 8u+25 __10u+54 _ L
If u + 14 the system has unique solution x = e Y = 7 2T une
Case2 u=-4
1 2 -3 4
01 -2 — then the system is inconsistent no solutions.
0 0 0 _g
Case3u=4
1 2 -3 4
0 1 -2 — then the system is consistent the solutions and
0 0 0 o
infinitely many solutions.
x :g—z, y = 7°+ 2z and z can take any value
(b) 75

dx?

Let L(y(x)) = Y(s)

dx

L(sin2x) =

L (Q) = 2 (s) — sY(0) — (d

y
dx

§2 4 22

dx

) =5s%Y(s)—s—2
x=0

2
&Y 4 y = 3sin2x Where x >0, ¥(0) = 1 and (d_y) =2
x=0

12
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Taking the Laplace transformation of both side of the equation.
s?Y(s) —s —2+Y(s) = L(3sin2x) = 3L(sin2x) = 3—
s“+4
(s2+ 1Y (s) o +5s+2
S S) = S
s2+4
Y(s) = 6 4 s 4 2
V=6 4)(s2+1) (s24+1) (s2+1)
_ -2 4 2 4 S 4 2
T (s244)  (s241) (s2+1) (s2+1)
Y(s) = — RN
5= (s2+1) (s24+4) (s2+1)
Taking the inverse Laplace transform gives

y(x) = cosx — sin2x + 4sinx
QNo Answer Marks | Comments
8. PR 120

hy
A B 1
h
| c Vv

The thrust on the strip PQ = xpgadx

The moments of the thiust FQ = xpgadx - x

The total moments on the lamina = f:z ax? pgdx
1

The resultant thrust on the lamina = a(h, — h;) Mpg
(hz+h1)
The total moments on the lamina = a(h, — h,) ——=pgx
(hy +hy) hz
a(h, — hl)Tpgx = f ax? pgdx
hq

h, + h 31
(h, — th — [x_]
(h, + hl) h% — h}

%(h; = hy) .

13
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X =

2 (h3 + hyh, + h?
hy + h,

3

The considering the forces on the liquid cone W

Resolving the forces

w = 4a3pg
> X =4a%pg = w TY=l4a2hpg - v
3 3h

2
The resultant = _|w? + (ﬂ) =2aZ + 9n2

3h) T 3h

Angle to the horizon tan? ((;’—Z)

80
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